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SPECIFICATION 

Electronic Version 1.2.8 
Stylesheet Version 1 .0 

[CONTROLLING DEVICE OF 
COMPRESSOR] 

Cross Reference to Related Applications 

This application claims the priority benefit of Japanese application serial no. 2001 - 
333038, filed on October 30, 2001 . 

Background of Invention 

[0001] Field of the Invention: 

[0002] This invention relates in general to a controlling device of a compressor. A 

common mode noise (ground noise), which is generated inside a metal frame (the 
controlling device of a compressor),of an air conditioner etc for containing a 
compressor main body, suppresses the leakage current flowing from the frame to the 
ground by using the electrostatic (floating) capacitance between the compressor main 
body and the ground. In addition, the noise (namely, the noise terminal voltage) from 
the controlling device to the commercial AC power source through the power lines can 
be also suppressed. 

[0003] Description of Related Art: 

[0004] 

Compressor used in the air conditioner etc, consists of a compressor mechanism, 
a DC brushless motor for providing a driving force to the compressor mechanism, and 
various protecting devices. Most of these devices are received in a compressor main 
body (namely, a metal case). The compressor executes a refrigerant compressing 
cycle, in which the compressor mechanism receives a driving force from the motor for 
compressing the refrigerant into the compressor main body, and then after the 
refrigerant is compressed and processed under high temperature and pressure, the 
refrigerant is exhausted out of the compressor main body. The refrigerant pipes that 
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are connected to the compressor, the condenser or evaporator, etc, form a refrigerant 
loop of the air conditioner or the refrigerator, which is equivalent to a refrigerant 
cycling pump for heating or cooling the ambit air of the condenser or evaporator. In 
addition, recently, the limited use of the refrigerant (such as R-22, the old refrigerant, 
hereinafter) due to a concern of causing an ozone hole problem is actively replaced by 
a refrigerant (such as HFC containing R407 or R41 OA, the new refrigerant, hereinafter) 
that has no influence on the above said problem. 

[0005] Examples of some of the compressors used are, a reciprocating compressor, a 
rotary compressor, and a scroll compressor. Recently, the rotary compressor or the 
scroll compressor has become the main product. In the compressor, because the 
compressed refrigerant is exhausted into the compressor main body (namely, the 
metal case), the refrigerant is exposed to the ambit air inside the case. Then, the high 
temperature and pressure, the refrigerant is exhausted out of the compressor main 
body through the refrigerant pipes (especially, the exhausting pipe) fixed on the case. 
The refrigerant cycling loop located behind the compressor is a general structure. In 
operation, because the interior of the compressor main body (the metal case) is filled 
with the compressed high-pressure refrigerant, the metal case is usually sealed. 

[0006] As described, the motor in the sealed metal case can be a DC motor or an AC 

motor. In consideration of designing a compressor featuring a noise-free operation, 
easy controllability, and the compactness, an inverter driven DC motor is used. In 
addition, since the compressor main body is a sealed metal case, therefore it is 
preferable to use a brushless motor that is free from fixing or maintenance concerns. 
Recently, the DC brushless motor is most widely used. 

[0007] Fig. 9 shows an example of a controlling device of a compressor having a driving 
circuit to drive an inverter driven DC brushless motor. The controlling device 
comprises a three-phase AC power source 1 , a driving circuit 2 for inverter driving a 
DC brushless motor, a compressor main body (i.e., a metal case) 9, and a metal frame 
1 0 forming a main body of an air conditioner for receiving the condenser, the fan and 
various controlling circuits (not shown). Metal pipes (not shown) are fixed on the 
compressor main body 9 by welding. 

[0008] Tne driving circuit 2 has a main circuit consisting of a first noise filter 3 for 
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decreasing (suppressing) a noise created by the machine itself and the ground noise 
(the common mode noise), created between power lines and the metal frame 10 or the 
ground, a rectifying diode bridge 4 for rectifying the three-phase AC power source to 
a DC power source, a second noise filter 6, a rectifying capacitor 7 and a three-phase 
inverter circuit 8. 

[0009] The rectifying diode bridge 4, the second noise filter 6 and the rectifier capacitor 

) 

7 smoothly converts an AC voltage to a DC voltage. In addition, the three-phase 
inverter circuit 8 switches the DC voltage from the rectifying capacitor 7 by a preset 
frequency (the switching frequency can be 5kHz, for example), and then provides a 
driving power to the DC brushless motor. Furthermore, the compressor main body 9 
and the metal frame 10 are respectively connected to the nodes among the second 
capacitors Cyl, Cy2, Cy3 that are connected in series between the power lines of the 
three-phase AC power 1 . In addition, in view of a stable operation of the driving 
circuit 2 and safety for preventing the human body from the electric shock due to the 
possibility of touching the frame 1 0, the compressor main body 9 and the metal frame 
1 0 are grounded. 

[001 0] However, in the above situation, as the intermittent DC voltage, which is switched 
by the three-phase inverter circuit 8 with a high speed, is provided to the DC 
brushless motor, a DC current flows, and the power lines in the metal case 9 or the 
wirings (for specified, the wirings of the stator of the DC brushless motor) will have a 
coupling capacitance with the metal case 9 through the refrigerant sealed inside the 
compressor. In contrast to the old refrigerant, the coupling capacitance (the floating 
capacitance) created between the power lines and the case 9 through the new 
refrigerant, for example R410A, is larger. This is because the new refrigerant has a 
low resistance and a high dielectric constant with respect to the old refrigerant. Due to 
the influence of the resistance and the dielectric constant of the new refrigerant, the 
coupling capacitance becomes larger. 

[0011] 

There are legal regulations for appliances to regulate the leakage current. In the 
appliance regulation, the regulation value for a leakage current should be below 1 mA. 
In particular, in the driving circuit 2 shown in Fig. 9, when the old refrigerant is 
replaced by the new refrigerant, the resulting leakage current is difficult to meet the 
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regulation requirement (below 1 mA). 

[0012] Consequently, there is a need to develop a leakage current suppressing circuit. 

One such circuit has been disclosed by a Japanese Laid Open publication number 1 1 - 
146557 which uses a single-phase AC power source. However, when the three-phase 
AC power source shown in Fig. 9 is used, the leakage current is definitely larger than 
that disclosed by the above disclosure, which describes using a single-phase AC 
power source. In recent years, the controlling device of the compressor, in which the 
economic factors were priorly considered, becomes more difficult to meet the 
requirement of the legal regulation values. 

[001 3] On the other hand, no matter what method is used in order to meet the legal 
regulation requirement for the leakage current, the noise terminal voltage, which 
shows the characteristic of the noise of the machine itself to powerlines, will increase. 
Therefore, the margin to meet the legal regulation requirement of the noise terminal 
voltage might become small. In the appliance regulation, the regulation value of the 
noise terminal voltage is below 56dB at a frequency range from 526.5kHz to 5MHz, 
and is below 60dB at a frequency range from 5MHz to 30MHz. 

Summary of Invention 

[0014] In the light of the foregoing description, an object of this invention is to provide a 
controlling device of a compressor. For example, even though the new refrigerant, 
such as R410A, and the three-phase AC power source are used, the leakage current 
can be reduced by a simple controlling device structure and the increase of the noise 
terminal voltage can be also suppressed at the same time. Furthermore, both of the 
legal regulation requirements can be met. 

[001 5] 

In order to achieve- the above objects, this invention provides a controlling device 
of a compressor, which comprises a commercial power source; a motor, for driving a 
compressor mechanism; an inverter circuit, for converting a commercial frequency to 
a driving frequency, to control the motor; a noise filter, arranged at an input of the 
inverter circuit, for suppressing a common mode noise of the commercial power 
source and the inverter circuit, and connected to a ground through a metal frame 
used for receiving a compressor main body, and wherein the noise filter further 
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comprises first capacitors, connected between AC power lines; second capacitors, 
connected among the AC power lines in series; and common mode reactor coils, 
connected among the first capacitors and the second capacitors; and a leakage 
current suppressing circuit, having a clamper for clamping a voltage, and connected 
between nodes of the second capacitors and the metal frame. 

[001 6] The invention further provides a controlling device of a compressor comprising a 
commercial power source; a motor, for driving a compressor mechanism; an inverter, 
circuit, for converting a commercial frequency to a driving frequency, to control the 
motor; a noise filter, arranged at an input of the inverter circuit, for suppressing a 
common mode noise of the commercial power source and the inverter circuit, and 
connected to a ground through a metal frame used for receiving a compressor main 
body, and wherein the noise filter further comprises first capacitors, connected 
between AC power lines; second capacitors, connected among the AC power lines in 
series; and common mode reactor coils, connected among the first capacitors and the 
second capacitors; and a leakage current suppressing circuit, having a clamper for 
clamping a voltage, connected between nodes of the second capacitors and the metal 
frame; and a third capacitor, connected to the clamper in parallel. 

[001 7] Moreover, the clamper in the leakage current suppressing circuit can be formed by 
opposite connected Zener diodes. In particularly, the Zener voltage of the Zener diode 
can be set within a range from 1 0V to 30V, and the capacitance of the third capacitor 
can be set within a range from 470pF to 1 OOOOpF. 



Brief Description of Drawings 



[0018] 



While the specification concludes claims particularly pointing out and distinctly 
claiming the subject matter which is regarded as the invention, the objects and 
features of the invention and further objects, features and advantages thereof will be 
better understood from the following description taken in connection with the 
accompanying drawings in which: 



[0019] 



Fig. 1 is a circuit diagram of a controlling device of a compressor according to the 
invention, which compressor comprises a driving circuit having a leakage current 
suppressing circuit composed of a clamper and a third capacitor; 
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[0020] Fig. 2 is a characteristic curve of the circuit in Fig. 1, which shows a relationship 
between the frequency and the noise terminal voltage. 

[0021] Fig. 3 is a characteristic diagram of the circuit in Fig. 1 , which shows a relationship 
between the operational frequency and the leakage current; 

[0022] Fig. 4 shows measured values of the leakage current for various the capacitance of 
the third capacitor; 

[0023] Fig. 5 shows measured values of the leakage current for variouszener voltage 
(clamp voltage); 

[0024] Fig. 6 is a circuit diagram of a controlling device of a compressor according to the 
invention, which compressor comprises a driving circuit having a leakage current 
suppressing circuit with a clamper; 

[0025] Fig. 7 is a characteristic curve of the circuit in Fig. 6, which shows a relationship 
between the frequency and the noise terminal voltage; 

[0026] Fig. 8 is a characteristic curve of the circuit in Fig. 6, which shows a relationship 
between the operational frequency and the leakage current; 

[0027] Fig. 9 shows a conventional example of a controlling device of a compressor 
having a driving circuit to drive an inverter driven DC brushless motor; 

[0028] Fig. 10 is a characteristic curve of the conventional circuit in Fig. 9, which shows a 
relationship between the frequency and the noise terminal voltage; and 

[0029] Fig. 1 1 is a characteristic curve of the conventional circuit of Fig. 9, which shows a 
relationship between the operational frequency and the leakage current; 

Detailed Description 

[0030] 

The invention is described in detail as follows, but all matters set forth herein or 
shown in the accompanying drawings are to be interpreted in an illustrative and non- 
limiting sense. The embodiment of the invention is described based on attached 
drawings of Figs. 1 ~8. Fig. 1 is a circuit diagram of a controlling device of a 
compressor according to the invention, which comprises a driving circuit comprising a 
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leakage current suppressing circuit including a clamper and a third capacitor. Fig. 2 is 
a characteristic curve of the circuit in Fig. 1 , which shows a relationship between the 
frequency and the noise terminal voltage. Fig. 3 is a characteristic curve of the circuit 
in Fig. 1 , which shows a relationship between the operational frequency and the 
leakage current. Fig. 4 shows measured values of the leakage current plotted against 
various capacitance of the third capacitor. Fig. 5 shows measured values of the 
leakage current plotted against various Zener voltage (clamp voltage). Fig. 6 is a 
circuit diagram of a controlling device of a compressor according to the invention, 
which compressor comprises a driving circuit having a leakage current suppressing 
circuit with a clamper. Fig. 7 is a characteristic curve of the circuit of Fig. 6, which 
shows a relationship between the frequency and the noise terminal voltage. Fig. 8 is a 
characteristic curve of the circuit in Fig. 6, which shows a relationship between the 
operational frequency and the leakage current. In addition, the elements having the 
same function as the prior art are labeled with the same number. 

[0031] In Fig. 1 , the compressor's controlling device comprises a three-phase AC power 
source 1, a driving circuit 2 for driving an inverter driven DC brushless motor, a 
compressor main body (i.e., a metal case) 9, and a metal frame 1 0 forming a main 
body of an air conditioner for receiving the condenser, the fan and various controlling 
circuits (not shown). Metal pipes (not shown) are fixed onto the compressor main 
body 9 by welding. 

[0032] The driving circuit 2 comprises a main circuit comprising a first noise filter 3 for 
decreasing (suppressing) a noise created by the machine itself and the ground noise 
(the common mode noise) created between power lines and the metal frame 1 0 or the 
ground, a rectifying diode bridge 4 for rectifying the three-phase AC power source to 
a DC power source, a second noise filter 6, a rectifying capacitor 7 and a three-phase 
inverter circuit 8. 

[0033] The rectifying diode bridge 4, the second noise filter 6 and the rectifier capacitor 
7 smoothly convert an AC voltage to a DC voltage. In addition, the three-phase 
inverter circuit 8 switches the DC voltage from the rectifying capacitor 7 by a preset 
frequency (the switching frequency can be 5kHz, for example), and then provides a 
driving power to the DC brushless motor. 
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[0034] The first noise filter 3 comprises six first condensers (X condensers) Cxi , Cx2, 

Cx3, Cx4, Cx5, Cx6 connected among lines of the three-phase power source 1, three 
second condensers (Y condensers) Cyl , Cy2, Cy3 respectively connected to the lines 
of the three-phase power source 1 in series, and three common mode reactor coils LI 
connected between the first condensers and the second condensers. 

[0035] The second noise filter 6 is a tt -connection of two condensers (X condensers) 

Cx7, Cx8 between power source lines that forms DC power source through a rectifier 
diode bridge 4, and a coil L2. The second noise filter 6 functions to decrease noise 
that flows reversely from the three-phase inverter circuit 8 to the power source. 

[0036] The compressor main body 9 and the metal frame 1 0 are respectively connected 
through a leakage current controlling circuit 5 (main feature of the invention) to a 
connection point among the second condensers Cyl , Cy2, Cy3 that are respectively 
connected in series, to the power source lines of the three-phase power source 1. In 
addition, in view of stable operation of the driving circuit 2 and the safety to prevent 
the human body from the electric shock because of the possibility of touching the 
frame 1 0, the compressor main body 9 and the metal frame 1 0 are grounded. 

[0037] The leakage current controlling circuit 5 includes a clamper and a third condenser 
(Z condenser) Cz connected in parallel with the clamper CI , in which the clamper CI 
is used for clamping a voltage and is installed between the metal frame 1 0 and a 
connection point between the second condensers Cyl , Cy2, between Cy2, Cy3, and 
between Cy3, Cyl. In particular, the clamper CI consists of two Zener diodes Zdl, Zd2 
that are connected opposite to each other. 

[0038] According to the above structure, and based upon description in conjunction with 
Figs 2-5, various operations and variations of the noise terminal voltage by varying 
the operational frequency of the compressor's controlling device (particularly, the 
leakage current controlling circuit 5), variations of the- leakage current by varying the 
frequency of the power source, and processes are simply described. 



[0039] 



First, the characteristics of the noise terminal voltage (voltage suppression) is 
described herein as follows. As comparing with the characteristics of the noise 
terminal voltage (Fig. 2) corresponding to the circuit in Fig. 1 showing the first 
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embodiment of the controlling of the invention, the characteristics of the noise 
terminal voltage (Fig. 7) corresponding to the circuit in Fig. 6 showing the second 
embodiment, and the characteristics of the noise terminal voltage (Fig. 10) 
corresponding to the conventional circuit in Fig. 9, the differences among them are 
very clear. In Figs. 2, 7 and 10, the vertical axis indicates the noise terminal voltage 
(1 0dBuV~90dBuV) and the horizontal axis indicates the frequency (0.5MHz~30MHz). 
In addition, the value indicated within the bold rectangle shows a legal regulated value 
(below 56dB at a range less or equal to 5MHz, below 30dB between 5MHz and 
30MHz). Furthermore, from the voltage range and the capacitance range, the 
measured clamping voltage (precisely, the Zener voltage,) of the clamper (the Zener 
diode) is 1 5V and the measured capacitance of the third condenser Cz is 2200pF. 

[0040] The major differences of the above characteristic curves are at the range of 

0.5MHz~4MHz (range A) and at the range of 10MHz~30MHz (range B). Referring to 
range A, the conventional example has the lowest noise terminal voltage, next is the 
first embodiment, and the noise terminal voltage of the second embodiment is the 
highest one. At the range B, the second embodiment has the lowest noise terminal 
voltage, followed by the conventional example, and the noise terminal voltage of the 
first embodiment is the highest one. At the range B, any circuit would have a sufficient 
margin to clear the legal regulation value (60dB). However, at the range A, inserting 
the third capacitor in parallel with the clamper will make it worse than the 
conventional example in that no clamper is inserted, but still there exist a margin to 
clear the legal regulation value (56dB). For example, the noise terminal voltage can be 
effectively suppressed by coupling the clamper CI in parallel with the third capacitor 
(Z capacitor) Cz. 

[0041] Following is a detailed description with regard to suppression of the leakage 

current according to the present invention. Similar to the characteristics of the noise 
terminal voltage, the characteristics of the leakage current corresponding to the first 
embodiment (Fig. 3), the leakage current corresponding to the second embodiment 
(Fig. 8), and the leakage current corresponding to the conventional example (Fig. 1 1), 
and also the differences among them are also very clear. Referring to Fig. 4, the 
characteristic curves for leakage current corresponding to above embodiments are 
shown, and their differences are also more clear seen from the graph. Namely, in Figs. 
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3, 4, 8 and 1 1 , the vertical axis indicates the leakage current (ranges from OmA to 
1.0mA and the legal regulation value is under 1mA) and the horizontal axis indicates 
the operational frequency (ranging from OHz to 1 50Hz). As can be clearly seen, the 
leakage current of the second embodiment is smallest (i.e., Cz=0), followed by the 
first embodiment (especially, in Fig. 4, Cz value smaller the better), and the leakage 
current of the conventional example is the highest. 

[0042] Referring to Fig. 4, any one of the current curves is centered on an operational 

frequency of 70Hz (the maximum) to form an upward curve. At a range where the AC 
power frequency is from 50Hz to 60Hz, there exists a margin above 1 percent to clear 
the regulation value. In particular, when the capacitance of the third condenser (the Z 
condenser) Cz is set to be equal or less than 2200pF, there exists a margin above 25% 
to clear the regulation value. A better effect can be achieved when the capacitance of 
the third condenser (the Z condenser) Cz is less than or equal to 1 OOOOpF (the leakage 
current is lower than the situation where no leakage current suppressing circuit 5 is 
included), and is greater than or equal to a certain value (470pF in the embodiment) 
larger than Cz=0. 

[0043] In order to suppress the increase of noise terminal voltage, the larger the 

capacitance of the third condenser (the Z condenser) Cz, the better the effect is. For 
suppressing (decreasing) the leakage current, a smaller capacitance for the third 
condenser (the Z condenser) Cz is better. 

[0044] Furthermore, referring to Fig. 4, as can be clearly seen that when Cz=6, 

Cz=470pF, and Cz=2200pF, there is no obvious difference between the above current 
characteristics (only about 0.03mA). Therefore, by measuring each characteristic of 
the noise terminal voltage and the leakage current, it can be well correlated that when 
the capacitance (4700pF) of the Y capacitors Cyl , Cy2, Cy3 in the first noise filter3 is 
considered, the Z capacitor having about the same or near capacitance (2200pF) is 
desirable. 

[0045] Fjg 5 sri ows measured values of the leakage current plotted against the clamping 
voltage (the Zener voltage, in detail) of the clamper (the Zener diodes, in detail). The 
vertical axis indicates the voltage value, which can be converted to a current value (in 
a measuring circuit with a resistance of 1 k O ) for measuring the leakage current (this 
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is the voltage converting value, and the legal regulation value is under 1 OOOmV within 
a range of 0mV~1 400mV). The horizontal axis indicates the Zener voltage (range from 
0V-70V). The voltage curve is centered on a voltage of 1 7V (minimum) to form a 
downward curve. In consideration of the above plots, it is clear that if the Zener 
voltage is set in a range of 5V-30V, the regulation value of the leakage current can be 
cleared with a value lower than about 1 0%. In the embodiment of the present 
invention, the Zener voltage of each Zener diode is set at 1 5V. 

[0046] As described above, to vary the Zener voltage has the following meanings. 

Namely, the measured values in Fig. 5 shows the effect of varying Zener voltage and 
the effect of varying the coupling capacitance are the same. In other words, by 
changing the Zener voltage, the function of the first noise filter 3 can be maintained, 
and the current flowing from the noise filter 3 to the metal frame 1 0 can be 
suppressed. In addition, by changing the coupling capacitance, the phases of the two 
currents flowing into the metal frame 10 can be changed. As a result, the leakage 
current can be suppressed to a minimum value. 

[0047] In the actual controlling device of the compressor, to select the coupling 

capacitance of the Zener diodes Zdl, Zd2 is not the only way to suppress the leakage 
current, the phase of current flowing into the metal frame 10 may have a substantially 
an opposite phase. A phase adjusting circuit may be additionally arranged to have an 
opposite phase at the ground line. Of course, an optimized configuration would take 
the characteristic values of the constitution parts, such as the capacitances of the Y 
capacitors Cyl , Cy2, Cy3 and the inductance of the common mode reactor coil LI in 
the first noise filter 3 shown in Fig. 1, into consideration, to have a phase substantially 
opposite to that of the current flowing into the metal frame 10. Particularly, in the 
embodiment of the present invention, because the Y capacitors Cyl, Cy2, Cy3 and the 
common mode reactor coil LI have a function of the phase adjusting circuit, and 
therefore, advantageously, no independent circuit is required. 

[0048] 

The current flowing through the leakage current suppressing circuit 5 and the 
current flowing through the compressor main body 9 due to the floating capacitance 
are merged at the metal frame 1 0. The merged current, which constitutes a leakage 
current of the controlling device, flows to the ground. If the phases of the currents are 



APP ID= 10065090 



Page 11 of 28 



:1 0 O n B O <3 O O } 9 :i ft S J P 



opposite phases, the currents will interfere with each other, so that the leakage 
current can be reduced. The latter current is changed according to the refrigerant 
type, and its phase is substantially a constant due to the switching period of the 
inverter circuit 8. If the phase is opposite to that of the previous one, the leakage 
current can be reduced. 

[0049] According to the above embodiment of the present invention, the noise filter for 
suppressing the common mode noise of the commercial power source and the 
inverter circuit is connected to the ground through the metal frame used for receiving 
a compressor main body. The noise filter further comprises first capacitors, connected 
between AC power lines; second capacitors, connected among the AC power lines in 
series; and common mode reactor coils, connected among the first capacitors and the 
second capacitors. The leakage current suppressing circuit has a clamper for clamping 
a voltage, and connected between nodes of the second capacitors and the metal 
frame. Therefore, the leakage current, which is caused by the floating capacitance 
generated between the power lines and the main body and through the refrigerant in 
the compressor main body, can be reduced by the phase adjustment of the clamper, 
so that the leakage current can be maintained to meet the regulation requirement 
(under 1 mA). 

[0050] According to the above embodiment, the noise filter for suppressing the common 
mode noise of the commercial power source and the inverter circuit is connected to 
the ground through the metal frame used for receiving a compressor main body. The 
noise filter further comprises first capacitors, connected between AC power lines; 
second capacitors, connected among the AC power lines in series; and common mode 
reactor coils, connected among the first capacitors and the second capacitors. The 
leakage current suppressing circuit has a clamper for clamping a voltage, connected 
between nodes of the second capacitors and the metal frame; and a third capacitor, 
connected to the clamper in parallel. Therefore, the leakage current, which is caused 
by the floating capacitance generated between the power lines and the main body 
through the refrigerant in the compressor main body, can be reduced through the 
phase adjustment of the clamper. Additionally, the increase of the noise terminal 
voltage due to the existence of the clamper can also be suppressed. The legal 
regulation requirements of both the leakage current and the noise terminal voltage 
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can be met. 

[0051] The clamper in the leakage current suppressing circuit is formed by opposite 
connected Zener diodes. Therefore, the leakage current resulting from the voltage 
lower than the Zener voltage will not flow from the noise filter to the frame. At least, 
the leakage current due to the voltage lower than the Zener voltage can be cut off, so 
that the leakage current can be effectively reduced. 

[0052] The Zener voltage of the Zener diode is set within a range from 1 0V to 30V. 

Therefore, the leakage current can be effectively reduced. In particular, even though 
the three-phase AC power source is used as the power source, the leakage current 
can be suppressed to a value which is under the regulation value. 

[0053] Furthermore, the capacitance of the third capacitor is set within a range from 

470pF to 1 OOOOpF. In this way, the increase of the noise terminal voltage due to the 
clamper (Zener diodes) can be suppressed, and additionally, the leakage current can 
be effectively cut. Therefore, both the leakage current and the noise terminal voltage 
can have sufficient margins to clear their legal regulation requirements. 

[0054] While the present invention has been described with a preferred embodiment, this 
description is not intended to limit our invention. Various modifications of the 
embodiment will be apparent to those skilled in the art. It is therefore contemplated 
that the appended claims will cover any such modifications or embodiments as fall 
within the true scope of the invention. 
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